Abstract-H.-F. Lu, J. Lahtonen, R. Vehkalahti, and C. Hollanti introduced so called Pigeon Hole Bound for decay function of MIMO-MAC codes. Here we give a generalization for it.
I. DECAY FUNCTION We consider here decay function of MIMO-MAC codes. Every user has some specific lattice L j ⊆ M n×k , j = 1, . . . , U with k ≥ U n. We assume that each user's lattice is of full rank r = 2kn so the lattice L j has an integral basis B j,1 , . . . , B j,r . Now the code associated with jth user is a restriction of lattice L j such that
where N j is a given positive number.
Using these definitions the U -user mimo-mac code is
For this we define
where M = M (X 1 , . . . , X U ). For a special case
In the special case k = U n we have
II. AN UPPER BOUND USING PIGEON HOLE PRINCIPLE So called Pigeon Hole Bound for decay function of MIMO-MAC codes was introduced in [1] . Here we give a generalization for it.
Lemma 2.1: Let c 1 , c 2 , . . . , c k , e 1 , e 2 , . . . , e k−1 ∈ C n , and
. .
. . .
and hence c 1 c * 1
is equal than
And since the way we chose v 1 , . . . , v n−k this means that
. . , n − 1 and j = 1, . . . , n − k. This gives that
and hence det(AA † ) = det(BB † ). Lemma 2.2: Let V = R n be an n-dimensional vector space, N a given positive integer, and let c 1 , c 2 , . . . , c n ∈ V be a basis for V . Let also U be a k-dimensional subspace of V and π : V → U an orthogonal projection into U . We can choose a basis {π(c j1 ), π(c j2 ), . . . , π(c j k )} for U such that if v = a 1 c 1 + a 2 c 2 + · · · + a n c n with
Proof: Since {c 1 , c 2 , . . . , c n } is a basis for V we can choose a basis for U from the set {π(c 1 ), π(c 2 ), . . . , π(c n )}. Without loss of generality we may assume that π(c 1 ), π(c 2 ), . . . , π(c k ) are linearly independent. We say that they form a basis
If |d i | ≤ 1 for all i = 1, 2, . . . , k then let
dj π(c k ) and the absolute values of coefficients on the right hand side are smaller or equal that one. In this case let K 2 = (K 1 \π(c j ))∪{π(c k+1 )}. It is clear that K 2 is a basis for U . Now similarly form a new basis K i+1 using basis K i for all i = 1, 2, . . . , n − k and write
where |d l,i | ≤ n for all l and i because every time when we took some π(c h ) off from the basis it then had a such representation in the new basis that all the coordinates were absolutely smaller or equal than zero. Repeating this procedure at most n − k ≤ n times and using triangle inequality gives then the property. Hence if v = a 1 c 1 + a 2 c 2 + · · ·+ a n c n with
) of U users, each transmitting with n transmission antennas, having a code of length k ≥ U n, and each users lattice is of full rank r = 2kn we have a constant K such that
where β = U−1 l=1 
